Objective The purpose of the present pilot study was to investigate the link between diet and mental health in female university students enrolled in a training course for registered dietitians. Subjects and methods A total of 62 female university students, with a mean age of 18.79 ± 0.45 years, participated in this cross-sectional study. Diet surveys were performed using the brief-type self-administered diet history questionnaire (BDHQ). Mental health was also evaluated using the general health questionnaire-12 (GHQ-12), which was the shortest form and clinically available. Lifestyles such as physical activity levels were also evaluated. Results The mean energy intake was 1379 ± 575 kcal and the mean GHQ score was 3.11 ± 2.41. Among nutrients, vegetable fat and sucrose showed a weak positive correlation with the GHQ scores. Among food groups, potatoes, fats and oils, and confectioneries also showed a weak positive correlation with the GHQ scores. A multiple regression analysis showed that the confectioneries were the determining factor for the GHQ scores. Conclusion Proper education concerning their diets and reducing confectioneries in their daily lives might be beneficial for the mental health of female university students.
Introduction
It is well known that diet, physical activity, and mental health are important in preventing future lifestyle-related diseases in university students [1, 2] . For example, improper dietary habits are linked closely to visceral fat accumulation and insulin resistance [3] . According to the National Nutrition Survey of Japan [4] , 27.6 % of people in their 20 s reported that they do not have breakfast, and energy intake from fat has increased.
In regard to the mental health of university students, according to the Japan Student Services Organization, the number of consultations due to mental disorders in young adults is also increasing [5] . Poor mental health is also closely associated with lifestyle-related diseases [6] . Together, proper management and education concerning diet and mental health for university students is urgently required in Japan. However, in Japan, the link between diet and mental health in university students is not fully discussed. Students enrolled in a training course for registered dietitians were comparably more health conscious about their diets than the average students, and were thought to more accurately evaluate their dietary habits. Therefore, in this pilot study, we accurately evaluated diet and mental health, and the effect of diet on mental health, using selfquestionnaires, in female university students enrolled in a training course for registered dietitians.
Subjects and methods

Subjects
A total of 62 first year female university students, among 76 students in a training course for registered dietitians, with a mean age of 18.79 ± 0.45 years, were enrolled in this cross-sectional pilot study who met the following criteria (Table 1) : (1) they underwent our survey at Mimasaka University on December 2015, (2) they completely answered the self-reported questionnaires concerning diet and mental health, and (3) they provided written informed consent.
Ethical approval was obtained from the ethical committee of Mimasaka University (27-9).
Clinical parameters
Clinical parameters such as age, diet, mental health, and physical activity level (PAL) were evaluated. The diets of these female university students were evaluated using the brief-type self-administered diet history questionnaire (BDHQ), which was recently developed from the self-administered diet history questionnaire (DHQ) as previously described [7] [8] [9] [10] [11] . Mental health was assessed using the general health questionnaire-12 (GHQ-12) as shown in previous reports [12] . The GHQ-12 was scored using the original (0-0-1-1) method (GHQ) [13] . Physical activity level was gauged using the National Nutrition Survey of Japan [14] . Body mass index (BMI) was calculated using the formula: body weight (kg)/[height (m)] 2 .
Statistical analysis
Data are expressed as mean ± standard deviation (SD). A simple correlation analysis was used to evaluate the relationship between diet and mental health, where p \ 0.05 was considered statistically significant. In addition, a multiple regression analysis was also used to investigate which factor had a significant effect on mental health. Statistical analysis was performed by IBM SPSS statistics 22 (IBM Japan, Tokyo, Japan).
Results
The clinical profiles of enrolled students were summarized in Table 1 . The mean age, BMI, and physical activity level were 18.79 ± 0.45 years, 21.09 ± 1.86 kg/m 2 , and 1.79 ± 0.41, respectively. The mean GHQ-12 score was 3.11 ± 2.41.
The measurements of nutrients and food groups were also summarized in Tables 2 and 3 . Among nutrients, the mean daily intake of energy, protein, fat, and carbohydrates were 1379 ± 575 kcal, 49.0 ± 24.5, 42.6 ± 21.7 and 194.5 ± 85.8 g, respectively. The mean daily intake of sucrose was 10.5 ± 7.8 g ( Table 2 ). Among food groups, the daily intake of confectioneries was 40.4 ± 35.8 g ( Table 3 ).
We evaluated the relationship between nutrients and GHQ-12 scores (Table 4) . Vegetable fats and oils (r = 0.2800, p = 0.0274) and sucrose (r = 0.2600, p = 0.0413) showed a weak positive correlation with the GHQ scores. However, there were no significant relationship between other nutrients and the GHQ scores. In addition, as shown in the relationship between food groups and GHQ-12 scores (Table 5) , potatoes, fats and oils, and confectioneries also showed a weak positive correlation with the GHQ-12 scores.
Using a multiple regression analysis, we used the GHQ-12 scores as dependent variables and BMI, PAL, energy and sucrose as independent variables because that these variables were thought to be clinically important and sample size of statistical limitations. We then found that only sucrose was the determining factor for the GHQ-12 scores (Table 6 ). We also used the GHQ-12 scores as dependent variables and BMI, PAL, cereals and confectionaries as independent variables. We also found that only confectioneries were the determining factor for the GHQ-12 scores (b: 0.160, p = 0.042).
Discussion
In this pilot study, using the BDHQ, we accurately evaluated the link between diet and mental health in female university students enrolled in a training course for registered dietitians in Japan. The intake of sucrose and confectioneries was closely associated with mental health.
Some studies describing the relationship between diet and mental health already exist [15] [16] [17] [18] [19] . Jacka et al. reported that the intake of magnesium, folate, and zinc was associated with mental health using the validated food frequency questionnaire and the GHQ-12 [15] . Mishra et al. showed that low dietary vitamin B 12 intake was also associated with higher psychological distress [16] . In Japan, Miki et al. reported that the intake of magnesium, BMI body mass index, PAL physical activity level calcium, iron, and zinc was negatively correlated with symptoms of depression [17] . Among food groups, the consumption of vegetables, fruits, mushrooms, and soy products was negatively correlated with GHQ scores [18] . In addition, subjects with proper and regular diets had better mental health parameters [19] . In this study, the score of the GHQ-12 was 3.11 ± 2.41. 76 % of psychiatric patients was reported to be over 4 points (]4), and 91 % of healthy subjects were also reported to be under 3 points (^3) [20] . Therefore, mental health of enrolled students was apparently healthy, and we found that some nutrients and food groups were associated with student mental health, which was evaluated using the GHQ-12. It is especially noteworthy that sucrose and confectionaries were the determining factor for mental health scores according to our multiple regression analysis. Al'Absi et al. also reported that the intake of sucrose was closely associated with mental health. Although they speculated that lower mental health parameters induce dysgeusia [21] , healthy lifestyles, including dietary intake, were closely associated with proper mental health [22] . In addition, improper dietary habits were also recently investigated in the National Nutrition Survey of Japan [4] . In fact, although underestimation due to self-questionnaire, lower calorie intake was found in this BDHQ survey. Together, proper education and diet, especially reducing sucrose intake due to confectionaries, would be beneficial for maintaining and improving mental health in female university students enrolled in a training course for registered dietitians in clinical practice. Potential limitations still remain in this study. First, this was a pilot and cross-sectional study, but not a longitudinal study. The relationship between sucrose intake and mental health was obtained by cross-sectional analysis and the cause and result could not be proved. There is a possibility that the sucrose intake might be a result due to lower mental health conditions. Therefore, it is only speculation that reducing sucrose intake might induce improving mental health. Second, the students participating in this study were thought to be more health conscious than average students. Third, we could not evaluate the relationship between diet and mental health in male students. Fourth, we could not confirm the mechanism involved in the link between diet and mental health, and we could not understand the reason why there was a weak association between vegetable fats and oils and GHQ-12 scores. Nevertheless, it is noteworthy that the intake of sucrose and confectioneries was closely linked to mental health. Therefore, proper education and strategies for reducing confectionary intake would be beneficial for student mental health. Further ongoing and large sample investigation studies are required to prove such a link. 
